Abstract
Introduction
Optical character recognition (OCR) is a process of automatic computer recognition of characters in optically scanned and digitized pages of text. OCR is one of the most fascinating and challenging areas of pattern recognition with various practical application potentials. It can contribute immensely to the advancement of an automation process and can improve the interface between man and machine in many applications. Some practical application potentials of OCR system are: (1) reading aid for the blind, (2) automatic text entry into the computer for desktop publication, library cataloging, ledgering, etc. (3) automatic reading for sorting of postal mail, bank cheques and other documents, (4) document data compression: from document image to ASCII format, (5) language processing, (6) multi -media system design, etc.
The origin of character recognition was found in 1870 when Carey invented the retina scanner-an image transmission system using a mosaic of photocells [1] . Later, in 1890, Nipkow invented the sequential scanner, which is a major breakthrough both for modern television and reading machines. However, character recognition was initially considered as an aid to the visually handicapped and the early successful attempts were made by the Russian scientist Tyurin in 1900.
Depending on versatility, robustness and efficiency, the commercial OCR systems can be divided into four generations. The first generation systems can be characterized by the constrained letter shapes which the OCRs read. Such machines appeared in the beginning of the 1960s. The first widely commercialized OCR of this generation was the IBM 1418, which was designed to read a special IBM font, 407 [2] . The recognition method was logical template matching where the positional relationship was fully utilized. The next generation is characterized by the recognition capabilities of a set of regular machine printed characters as well as hand-printed characters. At the early stages, the scope was restricted to numerals only. Such machines appeared in the middle of 1960s to early 1970s. In this generat ion, the first and famous OCR system was IBM 1287, which was exhibited at the 1965 New York world fair [2] . In terms of hardware configuration, the system was a hybrid one, combining analog and digital technology. Automatic letter-sorting machine for postal code numbers of Toshiba was also developed during this period. The methods were based on the structural analysis approach. The Hai Guo, Jing-ying Zhao third generation can be characterized by the OCR of poor print quality characters, and handprinted characters for a large category character set. Commercial OCR systems with such capabilities appeared roughly during the decade 1975 to 1985 [2] [3] [4] . The fourth generation can be characterized by the OCR of complex documents intermixing with text, graphics, table and mathematical symbols, unconstrained hand written characters, color document, low-quality noisy documents like photocopy and fax, etc. Some pieces of work on complex documents provided good results. Although many pieces of work on unconstrained hand written character are available in the literature, the recognition accuracy hardly exceeds 85%. Very few studies on color documents have been published and research on this problem is continuing. Also, research on noisy document is in progress [5, 6] .
With the development of computer technology and the information processing on Chinese Minority Script has gradually matured. Such as the collaborative research by Northwest University for Nationalities and Tsinghua University on Tibetan character recognition [7] , the multi-speech (Uyghur, Kazak and Kyrgyz) recognition by Xinjiang University [8] and the Mongolian recognition by Inner Mongolia University [9] .
Character segmentation is a necessary preprocessing step for character recognition. Character segmentation is an operation that seeks to decompose an image of a sequence of characters into subimages of individual symbols. It is one of the decision processes in a system for optical character recognition. Its decision, That a pattern isolated from the image is that of a character (or some other identifiable unit), can be right or wrong. It is wrong sufficiently often to make a major contribution to the error rate of the system. This article will make the deep research about the character segmentation of NaXi Pictograph. First of all, it introduces about the features and information processing status of NaXi Pictograph, then describes the working process and evaluation standards of NaXi Pictograph segmentation; the third part introduces about the binarization methods and character segmentation method; the fourth part establishes the sample databases of two text images about NaXi Pictograph, make the separate experiments about these sample databases, and determine the method suitable for segmenting and recognizing the NaXi Pictograph.
Naxi Pictograph Information Processing
NaXi pictograph belongs to the NaXi language of Yi language branch of Tibetan -Burmese languages which was created by the ancestor of NaXi. The script in case is the Tomba script of the Naxi people of Southwestern China. The Naxis are a Tibeto-Burman people who today number about a quarter of a million. Among the Naxis, there is a tradition of loosely organized village-based priests who were the carriers and performers of elaborate religious rituals. These priests were called Tombas, and so the ritual system is also called the Tomba religion. These rituals were written down in a very peculiar type of script, which also in popular parlance is called Tomba script, even if its proper traditional name is "Incisions on wood a nd stone".
The Tomba religious scriptures also contain a wealth of information on features from the traditional society of the Naxis, like philosophy, social history and folk customs, astronomy and medicine, poetry and prose, music and dance. Altogether, t here are about 20,000 mss. and probably around 1.500 different texts [10] .
The position of the Tomba literature and script caught the interest of Western scientists and sinologists before and after the turn of the century. The first full -length monograph was published by Bacot in 1913. When it became clear that the script did not belong to High Antiquity,' the interest waned. It was not until the Austrian -American botanist-explorer Joseph Rock began to acquire and sell large quantities of mss. and translate legends and rituals into English from the late 1920's on that the West really became aware of what a rare treasure the NaXi script was [11] .
Since 2001, the author of this article has made the research about computer information processing technologies of NaXi Pictograph, and developed NaXi Pictograph outline fonts, NaXi Pictograph pinyin input method, NaXi Pictograph tuyuan input method, NaXi Pictograph WEFT, NaXi Pictograph Mobile Phone Dictionary and Naxi Pictograph Online Dictionary, etc pictograph information processing [12] [13] [14] . Parts of early results about NaXi Pictograph information processing are shown in figure 1.
Processes and Evaluation Index about Character Segmentation of NaXi Pictograph

Process of NaXi Characters Segmentation
The character segmentation is the preprocessing part of character recognition, and is also the early work and basis of character recognition. Because the NaXi characters are characteristic of complex fonts and diversified structure, etc, the character segmentation becomes very important to the recognition of NaXi characters, and this also strengthens its difficulty. The character segmentation will directly affect the recognition effect of characters. A piece of binarized text scanning picture is the integrity, including the inter -character space and line-height, and the blank between a line of characters. So, to recognize each NaXi character, we will, first of all, separate each line of texts from a text picture, separate each NaXi character from the lines of characters, and then recognize each letter after the segmentation. Due to multiple reasons such as the printing and operation, etc., the scanned pictures may not be completely horizontal and vertical, but may have a certain tilt. Therefore, we assume that we have completed the tilt correction processing of text pictures input by the scanning.
Evaluation Index about the Segmentation of NaXi Characters
For a segmentation block, there are only two exclusive results, i.e., correct segmentation and incorrect segmentation. We may analog the relevant and irrelevant concepts [15] of return files in the information search, define the segmentation correct rate (SCR) and segmentation Segmentation Method for NaXi Pictograph Character Recognition Hai Guo, Jing-ying Zhao precision rate (SPR). The segmentation correct rate represents the percentage of characters that have been correctly extracted from the corresponding character block. The definition is shown in formula 1:
In the formula, S N represents the quantity of character blocks that have been correctly segmented. The segmentation precision rate represents the percentage of segmentation blocks that have been effectively segmented. The definition is shown in formula 2:
In the formula, b N represents the total quantity of segmentation blocks.
Image Thresholding
In the pre-treatment process of many character recognitions, the binarization process is one most critical process. The effect of binarization algorithm will have the decisive impact on the subsequent processing such as the page analysis, character positioning and recognition, etc. There are many binarization algorithms, mainly classified to two types: global threshold algorithm (such as Otsu algorithm [16] and Minimum error thresholding [17] ) and local threshold algorithm (such as Niblack algorithm [18] ). We will introduce these three common algorithms below.
Niblack' Algorithm
The Niblack algorithm is a common, simple and effective local dynamical threshold algorithm. The basic principle of this algorithm is: for each point in the picture, to calculate the average value and variance of pixel points within its r×r domain, and then binarize the threshold value calculated in the formula (1):
In which, for each pixel point (x, y), T (x, y) is the threshold of this point, m (x, y) is the average value of pixel point within the r×r domain of this point, s (x, y) is the standard variance of pixel point within the r×r domain, and k is the correction coefficient. If we assume that the gray value of the pixel point (i, j) is f (i, j), so the calculation formulas of m (i, j) and s (i, j) are as follows:
The effect of Niblack binarization algorithm is shown as 2b.
Kittler's Algorithm
Image thresholding based on gray level histogram information is a simple and important technique for segmentation, the purpose of which is to identify the regions of image objects correctly. At present there exist many threshold selection methods based on the histogram of the image. Minimum error thresholding originated by Kittler and Illingworth [17] is one popular method. In minimum error thresholding, appropriate thresholds are selected by the minimum error criterion. This criterion is designed to minimize the classification error probability based on the condition that histograms are governed by a mixture of Gaussian densities.
The histogram h(g), g =0, 1, ..., T, can be viewed as an estimate of the probability density function p(g), g = 0,1, ..., T, of the mixture population comprising gray levels of object and background pixels.
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In the following we shall assume that each of the two components p (g | i) for i = 0, 1, of the mixture is normally distributed with mean μ i standard deviation σ i and a priori probability P i , i.e.
where
Minimum error thresholding is based on the idea of arbitrarily dividing the histogram into two parts, modeling each part with a normal distribution and comparing the model with the histogram. Suppose that we threshold the gray level data at some arbitrary level t and model each of the two resulting pixel populations by a normal density h(g | i, t) with parameters μ i (t) and σ i (t) and a priori probability P i (t) given, respectively, as 
The effect of Kittler binarization algorithm is shown as 2c.
C. Otsu' Algorithm
In computer vision and image processing, Otsu's method is used to automatically perform histogram shape-based image thresholding [19] , or, the reduction of a graylevel image to a binary image. The algorithm assumes that the image to be thresholded contains two classes of pixels (e.g. foreground and background) then calculates the optimum threshold separating those two classes so that their combined spread (intra-class variance) is minimal [16] .
An image is a 2D grayscale intensity function, and contains N pixels with gray levels from 1 to L. The number of pixels with gray level i is denoted f i , giving a probability of gray level i in an image of
In the case of bi-level thresholding of an image, the pixels are divided into two classes, C 1 with gray levels [1, …, t] and C 2 with gray levels [t+1, …, L]. Then, the gray level probability distributions for the two classes are C1:
    
Let T  be the mean intensity for the whole image. It is easy to show that 
For bi-level thresholding, Otsu verified that the optimal threshold t* is chosen so that the between-class variance σ B 2 is maximized; that is,
The previous formula can be easily extended to multilevel thresholding of an image. Assuming that there are M-1 thresholds, {t 1 
The ω k in Eq. (25) is regarded as the zeroth-order cumulative moment of the kth class C k , and the numerator in Eq. (26) is regarded as the first-order cumulative moment of the kth class C k ; that is,
The effect of Otsu binarization algorithm is shown as figure 2.
Segmentation Algorithm of NaXi Characters
Line Segmentation
For the binarized image of NaXi pictures that have been input, first of all, we will segment the picture of each line of characters one by one; generally, we employ the line-by-line scanning of binary picture from top to bottom and calculate the pixel of each scanned line to get the horizontal projection of the picture; based on the horizontal projection value, we will determine the position of character line, make use of the blank gap in the horizontal projection of blank space between character lines to segment each line of NaXi characters [20] , as shown in figure 3 .
Figure 3. Sketch map of line projection
The segmentation is described as follows:
Step 1. Firstly, determine the upper limit of line, and search the upper limit of characters line by line from top to bottom; use the formula 28 to judge the upper limit of line. When the formula 28 is met, i is the upper limit of line.
In the formula, F(i, j) is the binary picture of a page of characters, L is the line length of NaXi text picture; k, p 1 , p 2 , ..., p k+1 are the constants larger than zero. Step 2. Then, determine the lower limit of line. We use the formula 29 to judge the lower limit of line. When the formula 29 is met, i is the upper limit of line.
In the formula, m, q 1 , q 2 , ..., q m+1 are the constants larger than zero. We may get the segmentation effects shown in Figure 4 through the segmentation about NaXi Pictograph text images in the methods defined by this article. While inputting the images, the paper may sometimes be tilted, so this may cause the line tilt of characters. The slight line tilt will not have the great influence on the line segmentation and subsequent character segmentation and recognition. However, if there is a lot of tilt, this may cause the blank gap of binary image horizontal projection to be covered by the tilted character image projections, and then cause the segmentation failure. We may eliminate the tilt by rotating the images, generally including the automatic correction and manual correction. This article is mainly about the character segmentation, and the NaXi Pictograph text images in all experiments are the images whose tilts have been corrected. 
Character Segmentation
The character segmentation means segmenting the image of individual character from the text image lines after the line segmentation. The correctness of character segmentation will directly affect the recognition results, and is the very important and most difficult part of NaXi Pictograph recognition system.
Direct Projection Method
The basic principle of direct projection method is to make use of the blank gap between characters to form the blank gap in the vertical projection of image lines and then segment the image of individual character, as shown in Figure 5 . The algorithm is described as follows:
Step 1. First of all, determine the left limit of character, and search the left limit of character from left to right. We use the formula 30 to judge the left limit of character. When the formula 30 is met, j is the left limit of character.
In the formula, F(i, j) is the binary image of NaXi Pictograph after the line segmentation, L is the column width of NaXi Pictograph text image after the line segmentation, k, p 1 , p 2 , ..., p k+1 are the constants larger than zero.
Step 2. Then determine the right limit of character. We use the formula 31 to judge the right limit of character. When the formula 31 is met, j is the right limit of character.
In the formula, m, q 1 , q 2 , ..., q m+1 are the constants larger than zero. After the line segmentation of NaXi Pictograph texts in the projection method, we may get the segmentation effects shown in Figure 7a .
Windows Backtracking Algorithm
The NaXi Pictograph include many two-part characters consisting of left and right structures and three-part characters consisting of left, middle and right structures. The common NaXi Pictograph has the two-part characters such as , , and three-part characters such as , , . The vertical projection of these two-part characters and three-part characters' images may have the blank gap inside an individual character. So the pure use of projection method may cause the errors, and as a result, it will mistakenly segment these two-part characters and three-part characters to two or three characters. To solve this problem, we make good use of the feature of -the gaps between characters are larger than those inside the characters‖ to effectively segment the characters. The printing characters of NaXi Pictograph are also the block characters, and they have the homogeneous sizes. We may first get the line height, and make good use of line height to calculate the character width. This is the windows backtracking algorithm that is suitable for the segmentation of NaXi Pictograph characters.
If we assume that L(i, j) is the point array of a line of NaXi Pictograph text image, the maximum width of characters is W M , the backtracking range is d, and the starting position of the j character is A j , as shown in Figure 6 . We may get the segmentation effects shown as in Figure 7b by using this method to make the line segmentation about NaXi Pictograph text images.
Experiments
Data
To verify the effectiveness of this method, we establish two sample databases about NaXi Pictograph text images. In the sample database 1, there are 50 grey-level NaXi Pictograph text images, and the line height and character sizes inside each text image are the same. In the sample database 2, there are also 50 grey-level NaXi Pictograph text images, but the line height and character sizes inside each text image are different. The Figure 8a is the sample of database 1, and the Figure 8b Pictograph text images, and the line height and character sizes inside each text image are the same. In the sample database 2, there are also 50 grey-level NaXi Pictograph text images, but the line height and character sizes inside each text image are different. The Figure 8a is the sample of database 1, and the Figure 8b is the sample of database 2.
Experiment and result
In this article, we perform two groups of experiments about segmentation precision and segmentation time. The first group of experiments is mainly used to test two indexes, i.e., the segmentation correct rate (SCR) and segmentation precision rate (SPR). The second group of experiments is mainly used to test the time consumption of two algorithms, i.e., projection algorithm and backtracking algorithm.
The first group of experiments: first of all, the experiments use the Niblack algorithm, Kittler algorithm and Otsu algorithm to make the binarized processing of images about database 1 and database 2. Then, we use the projection algorithm and backtracking algorithm separately to make the segmentation testing about six groups of samples that have received the binarized processing, and get three groups of testing data as shown in Table 1, Table 2 and Table 3 . Based on the analysis about three groups of testing data, two performance indexes of segmentation correct rate (SCR) and segmentation precision rate (SPR) are better than projection algorithm.
The second group of experiments: perform the sampling of 20 images randomly from database 1 and database 2 to establish the new sample database 1 and new sample database 2. We will make good use of these two new collections of testing samples to make the testing about the time efficiency of two segmentation methods. In terms of the environmental hardware for testing, we employ the computer with T4300 CPU and the 1G memory from Intel Corporation; In terms of the environmental software for testing, we employ the matlab 2008a and windows 7. Firstly, we will make the binarization processing about new testing samples in three methods, i.e., Niblack algorithm, Kittler algorithm and Otsu algorithm, and then separately use projection algorithm and backtracking algorithm for segmentation and get the results in Table 4 . Based on the analysis about testing results, we find that, in terms of processing time, Niblack>Kittler>Otsu, and Otsu algorithm spends the least time. Between two new sample databases, the time used in projection algorithm is less than that used in backtracking algorithm.
Conclusion
This article has made the research about the segmentation problem of NaXi Pictograph characters. After the tests, we find that, if we first binarize in Ostu algorithm and then make the segmentation in backtracking algorithm, the effects will be rather good. The segmentation process module has been integrated with the recognition module to establish a complete printing and recognition software of NaXi Pictograph. So this work has laid a good foundation for the subsequent stereo type printing and multi-font recognition.
